The herbal material of Coriandrum sativum is the fruit. Fresh herb is also used as an aromatic spice. The aim of the present study was to evaluate the content and chemical composition of coriander herb obtained at different plant growth stages. Coriander plants were grown in a glasshouse, the herb was harvested at the initial stage of flowering and from regrowing shoots. Essential oil extraction from the herb was performed by the hydrodistillation method, whereas the assessment of the chemical composition -using GC-MS method. The examined material contained 0.17-0.29 ml × 100g -1 of essential oil, depending on the stage of plant development when the harvest was done. 61 (generative phase) and 65 (vegetative phase) compounds were found in the examined coriander oil. The essential oil from the coriander herb contained the highest amount of aliphatic aldehydes, among which was decanal, E-2-dodecanol and E-2-decenol had the highest percentages. The contents of most aliphatic aldehydes decreased with each subsequent harvest of the herb. In addition to the above-mentioned aliphatic aldehydes, the presence of linalool, phytol, and oleic acid was found in the essential oil extracted from the coriander herb.
INTRODUCTION
Coriander (Coriandrum sativum L.) -an annual of the Apiaceae family, is one of valuable medicinal, seasoning and oliferous plants. This species comes from the Mediterranean region and it is grown all over the world. The coriander fruit (Coriandri fructus) and the essential oil isolated from it are used for medicinal purposes (D u a r t e et al. 2012; M a h e n d r a and B i s h t , 2011; S r i t i et al. 2011; C h u n g et al.
2012
). The coriander fruit shows relaxant activity in the alimentary tract; coriander raw material and oil are also used as an aromatising agent in the pharmaceutical, food, cosmetics and perfume industries. The fresh coriander herb, containing essential oil (P o t t e r and F a g e r s o n , 1990; T e l c i and H i s i l , 2008), fatty acids (N e f f a t i and M a r z o u k , 2008), flavonoids (O g a n e s y a n et al. 2007 ), carotenoids (R a j u et al. 2007 ) as well as coumarin compounds (T a n i g u c h i et al. 1996) is also an aromatic seasoning. Coriander leaves, known as "asotu" in eastern Anatolya and as "cilantro" in the United States, are eaten fresh. The aroma of the coriander fruit and herb is completely different. While aliphatic aldehydes (mainly C 10 -C 16 aldehydes), with their unpleasant odour, are the main components of the volatile oil from the fresh herb (P o t t e r and F a g e r s o n , 1990), linalool and other oxidized monoterpenes as well as monoterpene hydrocarbons predominate in the oil distilled from the fruit (B h u i y a n et al. 2009 ). The varying composition of coriander volatile oil is the reason why the herb from young plants is used to prepare curry, soups and sauces, whereas the fruit is mainly used as a seasoning for pickles, cold meats, confectionery products, and seasoning mixtures.
The coriander essential oil content and chemical 
2008
). In the case of coriander, the ontogenetic variability is especially important. The chemical composition of coriander essential oil undergoes significant changes during ontogenesis, which affects the aroma of the plant. The biggest change in the composition of coriander volatile oil during ontogenesis concerns the production of monoterpene linalool alcohol from aliphatic aldehydes (B h u i y a n et al. 2009). Large differences in the composition of coriander essential oil also relate to cultivated forms and cultivated (T e lc i et al. 2006a; b; Z h e l j a z k o v et al. 2008). The essential oil extracted from coriander fruit has been identified quite well as far as its chemical composition is concerned. However, the chemical composition of herbal volatile oil has not been determined sufficiently. P o t t e r and F a g e r s o n (1990) determined 41 compounds in the volatile oil distilled from coriander leaves, among which 82% were aldehydes and 16.65% -alcohol. Similarly, T e l c i and H i s i l (2008) report aliphatic aldehydes as the main components of coriander herb essential oil. B h u i y a n et al. (2009) identified 44 compounds in the coriander herb oil, mainly from the group of aliphatic acids.
Coriander, as most species synthesizing essential oil, has high light requirements, and at the stage of generative development -also high temperature requirements. Light and temperature are the factors affecting oil plant growth and essential oil synthesis, whereas the effect of the above-mentioned factors is stronger in plants whose oil reservoirs are on the surface of leaves and flowers (exogenous) rather than in fruits, seeds, or roots (endogenous). The aim of the present study was to determine and compare the composition of herbal essential oil of coriander grown in a glasshouse, obtained at two stages of plant development: vegetative and generative.
MATERIALS AND METHODS
Coriander (Coriandrum sativum L.) plants of the cultivar 'Jantar' were grown in a periodically heated glasshouse of the Experimental Farm of the University of Life Sciences in Lublin, situated in the north--southern direction, in the period from the first decade of March to the first decade of June 2008. During the heating period, lasting until the end of April, the temperature in the glasshouse was in the range from 18 o C to 25 o C (day) and 10 o C -16 o C (night). In the remaining period, the temperature depended on the weather, but it was not allowed to exceed 28 o C by airing and shading the site. The plants were grown in industrial pots with the dimensions of 9 × 9 × 10 cm. The substrate was peat used for growing vegetables and herbal plants (pH 5.5-6.5). Sowing was performed on the 28 th of March; coriander seeds were evenly distributed over the whole pot surface. The herb was harvested was conducted at two stages of plant development: the generative phase (beginning of flowering: 11 th May) and the vegetative phase (from regrowing shoots: 6 th of June). The essential oil was extracted from air-dried powdered material (40 g) in a glass Clevenger-type distillation apparatus by using a method following Polish Pharmacopoeia VI guidelines (2002) and subjecting the material to hydrodistillation for three hours. The extracted essential oil was stored in a dark glass container at a temperature of -10 o C, until the time of chromatographic separation. Qualitative and quantitative analysis of the coriander essential oil was performed using a ITMS Varian 4000 GC-MS/MS (Varian, USA) GC-MS instrument, equipped with a CP-8410 auto-injector and a 30 m × 0.25 mm i.d. VF-5ms column (Varian, USA), film thickness 0.25 μm; carrier gas, helium at a rate of 0.5 ml × min 
RESULTS
The essential oil concentration in the coriander cultivar 'Jantar' at the beginning of flowering was 0.29 ml × 100g -1 (Table 1 ). In the examined oil, 61 compounds were detected, including 46 identified ones. Mass spectra were determined for the remaining compounds (Fig. 1) . It was found that the predominant compounds in the investigated oil were aliphatic aldehydes: E-2-dodecanol (17.8%), decanal (15.3%), and E-2-decenol (11.9%). Moreover, the following compounds were found to have a significant percentage: dodecanal (4.7%), 1-decanol (4.2%), phytol (2.8%), undecanal (2.2%), tetradecanal (2.2%), E-2-undecenal (2.0%), oleic acid (2.0%), E-2-tridecenol (1.7%), cubenol (1.5%), and nonane (1.4%). The linalool content was 0.3%. The identified compounds constituted 99.8% of all the components of the examined oil. The herb harvested on the second harvest date from regrowing coriander shoots contained 0.17 ml × 100g -1 of essential oil (Table 2) . On the basis of GC-MS analysis, 65 compounds were determined, including 50 which were identified, in the essential oil extracted from the herb collected from regrowing shoots of coriander. Mass spectra were determined in the remaining unidentified compounds (Fig. 2) . The determined compounds represented 99.8% of all the compounds in the coriander herb essential oil. Among the identified compounds, decanal (17.2%), E-2-dodecanol (16.5%), and E-2-decenol (14.2%) showed the highest percentages. Besides, the following compounds were found in higher amounts: nonane (3.4%), undecanal (2.1%), phytol (2.1%), tetradecanal (1.9%), and E-2-tridedecenal (1.7%). The concentration of linalool was 1.1%. ). These values are comparable to those determined in the material from plants growing in warm and dry climatic conditions. This can be explained by advantageous light and temperature conditions in the glasshouse during the growth of coriander plants. Essential oil synthesis in coriander, which has high light and temperature requirements, is more intense under optimal climatic conditions (T e l c i et al. 2006a ). Besides, the cultivar 'Jantar', whose plants are analysed in this paper, has a high oil concentration in the fruit and high oil yield (Z h e l j a z k o v et al. 2008) .
The composition of the studied essential oil indicates the predominant share of aliphatic aldehydes, which is consistent with the literature data (P o t t e r and F a g e r s o n , 1990; N e f f a t i and M a r z o u k , 2008; P a d m a k u n i a r i , 2008; T e l c i and H i s i l , 2008; C h u n g et al. 2012). B h u i y a n et al. (2009) reported that coriander leaf oil contained 44 compounds containing 2-decenoic acid, E-11-tetradecenoic acid and capric acid as the major constituents. It should be noted here that the demonstrated immunotoxic effect of coriander volatile oil against the larvae of Aedes aegypti L., the carrier of yellow fever, dengue, tularemia and meningitis, may result directly from the presence of aliphatic aldehydes -the main components of the oil distilled from leaves and stems (C h u n g et al. 2012) . Thus, the share of above-mentioned components of coriander herb oil should be regarded as significant from the medical point of view. Changes in the contents of the above-mentioned aldehydes in the examined coriander oil depended on the plant developmental stage at which the herb was harvested. The volatile oil distilled from the coriander fruit, containing linalool, as the main component, demonstrates antifungal activity, whereas oleoresin, rich in oleic and linolenic acid, is indicated as an alternative source of natural antioxidants (S i n g h et al. 2006). As the present study revealed, the above-mentioned components also occur, though in much smaller amounts, in the oil extracted from the coriander herb. The material from the first harvest was characterized by a higher percentage of undecanal, E-2-dodecanol and tetradecanal, but a smaller percentage of decanal, E-2-decenol, linalool and oleic acid as well as phytol, compared to the herb harvested on the second harvest date. Among the above-mentioned compounds, linalool, oleic acid and phytol should be emphasized, as they are components with a significant biological value (Figs 3, 4, 5) ; their contents were different in the oil of the herb from the first and second harvest. The above relationships should be connected with the fact that coriander, as an annual plant, after the first herb harvest at the flowering stage, aims at forming fruits and seeds. Thus, the herb collected from regrowing shoots is not typical for the vegetative stage, which is proven, for instance, by an increased concentration of linalool -a compound that is mainly characteristic of the oil distilled from the fruit (T e l c i et al. 2006b; B h u i y a n et al. 2009) and depends on the phase at which the herb is harvested (T e l c i et al. 2006a ). The plant development phase during the harvest of coriander fruits is a significant factor affecting raw material yield as well as the quality of essential oil because of the changes during the fruit ripening period (T e l c i et al 2006a; M s a a d a et al. 2007). As shown by the studies conducted by other authors (P o t t e r , 1996; T e l c i and H i s i l , 2008) as well as by the present research, the quality of coriander herb also depends on the plant developmental stage during the harvest period. Fig. 3 . Oleic acid -omega-9 fatty acid has been shown to slow the development of heart disease and to promote the production of antioxidants. To sum up, the obtained results indicate high variability of Coriandrum sativum L. herb as to the contents and chemical composition of its essential oil caused by the timing of harvest. Raw material harvested at different plant development stages has different compositions of volatile oil and this should be taken into account in producing oil for pharmaceutical purposes. The essential oil extracted from the coriander herb is marked by a significant percentage of aliphatic aldehydes, among which decanal, E-2-dodecanol and E-2-decenal predominate. These and the other aldehydes of coriander volatile oil should be considered to be important biologically active substances due to their possible toxic activity against tropical mosquitoes transmitting dangerous illnesses. The contents of most aliphatic aldehydes identified decreased with each subsequent herb harvest. The important components of coriander herb essential oil also include linalool, oleic acid and phytol -biologically active substances widely applied in the pharmaceutical industry. The percentage of the above-mentioned components varied with plant development: the herb collected at the initial stage of flowering had higher concentrations of oleic acid and phytol than the herb harvested from regrowing shoots. The latter had, however, higher concentrations of linalool, a compound characteristic of the oil distilled from the coriander fruit.
